Introduction
Climate change, mostly reflected by increased occurrences of extreme hot or cold weather, is a major public health threat to urban communities globally. Heat waves, although there is no universal definition, are understood to be hot weather events that breach regional or national thresholds and last for several days (Gupta et al. 2012 ). According to the Intergovernmental Panel on Climate Change (IPCC), heat waves are likely to occur with increasing frequency in some parts of the world as a result of climate change (IPCC 2012) . Climate modelling undertaken by the IPCC has suggested ''a 1-in-20 year hottest day is likely to become a 1-in-2 year event by the end of the twenty-first century in most regions, except in the high latitudes of the Northern Hemisphere, where it is likely to become a 1-in-5 year event'' (IPCC 2012, p. 13) . Compared to preindustrial levels in 1850-1900, elevated global surface temperature hit 1°C in 2017, with an increasing rate of 0.2°C per decade (IPCC 2018) .
The rising trend of heat waves has resulted in much heat-related illness and deaths. Famous heat waves occurred across Europe in August 2003 when unprecedented high temperatures for 3 weeks resulted in more than 15,000 excess deaths in France and an estimated 30,000 across Europe (Fouillet et al. 2008; Robine et al. 2008) . A recent global analysis on heat-related mortality reported between 1980 and 2014 indicated that currently about 30% of the entire human population was exposed to potentially deadly heat at least 20 days per year (Mora et al. 2017 ). The projected figure by 2100 would hit 74% if greenhouse gas emissions keep growing at the current rate. Urban residents are more vulnerable to the health impacts of heat waves due to the existence of urban heat islands, in particular those individuals and communities living in poverty (IPCC 2018) . In addition, risk for some vector-borne infectious diseases (for example, malaria and dengue fever) are also expected to elevate along with global warming. In 2015, the United Nations, in Sustainable Development Goal 13 (SDG 13), called for urgent global action to combat climate change and its impacts by 2030 (UN General Assembly 2015) . The SDG 13 is intrinsically linked to all 16 of the other SDGs. For instance, the SDG 3 (Health) commits all countries to strengthen their national capacities for early warning, risk reduction, and global health risks and to substantially reduce mortality from air, water, and soil pollution (UN General Assembly 2015) . The Asia-Pacific region, as one of the most vulnerable regions to pollution impacts, needs to make more efforts against climate change.
People are not evenly affected by heat waves. Previous studies have identified some risk and protective factors. Urban residents, poor and disadvantaged populations, the elderly, and those with preexisting chronic diseases (such as cardiovascular, pulmonary, renal, and psychiatric illnesses) have been consistently found to be vulnerable to heat waves across studies (Leung et al. 2008; Hajat et al. 2010; Chan et al. 2012a; Ibrahim et al. 2012; Arbuthnott and Hajat 2017; Ho et al. 2017) . Several behavioral measures have been advised to reduce the heat-related health impacts and included in many action plans, including staying in air-conditioned places, using electric fans, drinking extra water/fluid, reducing vigorous physical activity, and avoid going out during the hottest hours in a hot day (Hajat et al. 2010; Gronlund 2014; Arbuthnott and Hajat 2017) . However, an individual may not take those simple protective behaviors if he or she does not perceive heat waves as a threat. In fact, there are many health behavior models involving risk perception as an important element to explain behaviors or predict behavioral changes, such as the Theory of Reasoned Action, the Theory of Planned Behavior, and the Health Belief Model (Akompab et al. 2013; Ferrer and Klein 2015) . Improvement of risk perception has therefore been considered as an intervention strategy to mitigate the health impacts of heat waves (Arbuthnott and Hajat 2017). There is a growing interest in examining associations between risk perception of and protective behaviors towards heat waves.
Findings across existing studies, however, are mixed. A household survey in five cities in Canada revealed that most participants perceived the heat as a health risk and would take coping actions, such as staying in air-conditioned places and keeping well hydrated (Alberini et al. 2011) . Two cross-sectional studies in China reported that participants with high risk perception were more likely to undertake coping behaviors to heat waves (Liu et al. 2013; Ye et al. 2018) . A theory-based survey among 267 Australian adults, however, did not find a significant relationship between perceived risk to a heat wave scenario and protective behaviors (Akompab et al. 2013 ). More studies are therefore warranted to gain a better understanding on this issue, which will have implications for developing effective strategies to strengthen health communication and other public health measures to reduce the health impacts of heat waves.
Hong Kong is a developed coastal city in the Asia-Pacific region, characterized by high population density, high income inequality, and high average increases in urban ambient temperatures (Chan 2019) . A significant long-term rising trend of extreme hot events was observed in Hong Kong during 1885 (Wong et al. 2011 . Annual highest or lowest daily maximum and minimum temperatures were found to increase by 0.09-0.14°C per decade. Annual numbers of very hot days (daily maximum temperature C 33.0°C) and hot nights (daily minimum temperature C 28.0°C) increased by 0.9 days and 1.2 nights per decade respectively. Another study in southern China (including Hong Kong) revealed significant increases in frequency (? 0.19 events per decade) and duration (? 2.86 days per decade) of heat wave events in 1979-2010, which had accelerated after the 1990s (Luo and Lau 2017) . Several studies in Hong Kong observed adverse health effects of heat waves on mortality, hospitalization, and health related help-seeking behavior, which are in line with most studies in other places (Leung et al. 2008; Hajat et al. 2010; Chan et al. 2011a; Chan et al. 2011b; Chan et al. 2012a; Yi and Chan 2015; Ho et al. 2017; Sun et al. 2018) . For example, Chan et al. (2012a) reported that during 1998-2006, a 1°C increase in daily mean temperature above 28.2°C was associated with a 1.8% increase in nonaccidental mortality. Another study analyzed data in 2002-2011 and found an elevated relative risk of 1.09 (95% CI 1.03, 1.17) in nonaccidental mortality at 31.5°C (the 99th percentile of ambient temperature), compared to 27.8°C (the 75th percentile of temperature) for lags 0-3 (Yi and Chan 2015) .
Hong Kong residents have started to be concerned about heat waves and their health consequences. Our previous population-based telephone survey revealed that Hong Kong residents perceived climate change as the first-order threat to their health among diverse natural and humanmade hazards and disasters (Chan et al. 2012b ). However, no study in Hong Kong examined the relationship between the risk perception level of climate change and protective behaviors, although a better understanding of their relationship would be helpful to develop interventions that reduce adverse health impacts. In addition, while previous studies have suggested that appropriate use of cooling devices can effectively protect people from the heat, no such study has been conducted in Hong Kong. This study aims to investigate the ownership and utilization of home cooling devices (consisting of electric fans and air conditioners) among the general Hong Kong population aged 15 and above, identify related sociodemographic and other characteristics, and examine the association of these variables with perception of climate change health impact. Findings from the study will inform researchers, policymakers, and the public of the status of protective behaviors adopted by Hong Kong residents and identify those residents who are at high risk, which can be used to form effective policies and strategies against climate changes and heat waves.
Methods
This study used a population-based cross-sectional telephone survey, conducted among a representative sample of residents in Hong Kong from May to June 2012.
Subjects
The target population was the Cantonese-speaking, noninstitutionalized population aged 15 years and above residing in Hong Kong. There were 7.07 million noninstitutionalized residents C 15 years in Hong Kong in 2011 and about 95% of them used Cantonese as their usual language (Hong Kong Census and Statistics Department 2012). A random sample was recruited by telephone calls with a list of randomly generated telephone numbers. Over 95% of the households in Hong Kong had a telephone line installed by 2012 (Chan et al. 2008; Chan et al. 2009; Lau et al. 2009 ). Telephone calls were made in the evening on weekdays (6:30 p.m. to 10:00 p.m., Monday to Friday) and during daytime on weekends (Saturday and Sunday) in order to avoid overrepresentation of people not working. An eligible member was selected from each of the contacted households. If more than one household member was eligible, the one whose birthday was closest to the survey date was invited to participate in the study. Verbal consent was obtained from the respondents in advance. At least five calls were dialled at different time slots before we considered the number invalid and gave up. All telephone interviews were conducted by two trained investigators.
Ethics approval was obtained from the Survey and Behavioural Research Ethics Committee at the Chinese University of Hong Kong. Verbal consent was obtained from the respondents above 18 years old and parental verbal consent was sought for those under 18 in advance.
Before the telephone interview started, the interviewers explained to the eligible participants the study purpose of the telephone survey and stated that strict confidentiality and anonymity of study participants was protected. Interviewees were also informed that they had the right to drop out of the study at any time during the interview. The consent procedure was approved by the ethics committee.
Data Collection
A structured questionnaire was developed to collect the participants' sociodemographic characteristics, ownership and use of cooling devices at home, perceived indoor temperature at which to turn on the cooling devices, and risk perception of the potential health impact of climate change. The questionnaire was pilot tested in April 2012 (n = 52, male: 48%) and then was refined accordingly (Chan et al. 2012b) .
Sociodemographic characteristics consisted of age, gender, district of residence, education level, occupation and employment status, type of housing, monthly household income, residence with vulnerable family members (that is, children under 15 years or elderly above 60 years), and presence of chronic diseases.
Ownership and use of cooling devices at home: Air conditioners and electric fans were considered as domestic cooling devices. Air conditioners could be all types, while electric fans could be ceiling fans, floor fans, table fans, wall-mounted fans, or window fans; exhaust fans (or similar devices) were excluded from the study due to their noncooling purposes. The participants were asked to respond to four questions with Yes or No: do you have air conditioners (or electric fans) at home (ownership of air conditioners or fans); usually, do you turn on the air conditioners (or electric fans) when you feel hot (use of air conditioners or fans)?
With respect to the perceived indoor temperature required to turn on cooling devices participants were asked if they had a perceived indoor temperature necessary to turn on the cooling devices or not. Specific temperatures (in degree Celsius) were further asked if yes. Participants were divided into two groups according to their reported temperatures being ''['' or ''B'' two cut-off points-28°C and 31°C. We decided on the two cut-off points due to the following considerations; we found in previous studies that mortality and individual health-seeking behaviors were significantly and positively associated with temperature when values were above 28°C and 31°C respectively. That may roughly reflect the threshold temperatures causing health impacts by hot weather (Chan et al. 2011a) .
To determine risk perception on potential health impacts of climate change, participants rated on an 11-point scale from 0 (do not worry at all) to 10 (extremely worried) their response to the question: ''To what degree do you worry about the health risk of climate change?'' They were then divided into low (0-5) and high (6-10) risk perception groups by the median value of 6. It is an affective risk perception, measuring worry about a threat (Ferrer and Klein 2015) . Evidence has shown that affective perceptions are related to preventive behaviors (Ferrer and Klein 2015) .
Statistical Analysis
IBM SPSS Statistics (version 23) was used to analyze the data. Categorical data were presented by number and percentage. Both univariate and multivariate logistic regression models were fitted to estimate the risks of sociodemographic and other potential factors for ownership and use of the cooling devices before and after adjustment for each other. Only independent variables with P \ 0.15 in the univariate analyses were put into multivariate models and stepwisely selected in a forward manner (likelihood ratio) using P \ 0.10 and P \ 0.15 as entry and removal criteria. Unadjusted and adjusted odds ratios (ORs) and their 95% confidence intervals (95% CI) were derived. In addition, a Chi square test was performed to examine the significance in difference between prevalence rate of not using air conditioners and that of not using fans in identified vulnerable subgroups of participants respectively, including those with the lowest monthly household income, the elderly, and those living with chronic diseases. We hypothesized that the risk perception would be associated with the utilization of cooling devices.
Results
A total of 11,034 telephone calls were dialled, of which 6653 (60.3%) were invalid and 2790 (25.3%) were not answered ( Fig. 1 ). Of the remaining 1591 calls, 567 (35.6%) refused to participate, and 22 (1.4%) accepted invitation but did not complete the interview. Finally, 1002 (63.0%) were successfully interviewed and with data analyzed. Table 1 presents the distribution of the characteristics in the sample and that in Hong Kong general population in 2011 where the statistics were available. Our sample was similar to the general population in the distribution of residence area, gender, age, and type of housing. However, more participants in our sample were married, with high education, and with a high monthly household income. In addition, more participants were professionals, clerical support workers, service and sales workers, and plant and machine operators, but fewer were associate professionals, craft and related workers, and elementary occupations. More than half of the participants lived with vulnerable family members (aged \ 15 or [ 60 years), 21.5% had chronic diseases, and 57.7% perceived the potential health risk of climate change at a high level (score range 6-10).
Most participants had air conditioners (90.0%) or electric fans at home (90.3%) ( Table 2 ). The majority of the owners usually used air conditioners (91.5%) and fans (95.1%) when feeling hot. More than half of the participants (54.3%) had perceived specific indoor temperatures at which to turn on the cooling devices, 58.1% and 95.4% of whom turned on the cooling devices at or below 28°C and 31°C respectively. Participants aged 65 years or above (unadjusted OR 2.39, 95% CI 1.34-4.26, P = 0.003), those with lower education (unadjusted OR of primary or below 2.83, 95% CI 1.45-5.54, P = 0.002; unadjusted OR of secondary 2.06, 95% CI 1.17-3.65, P = 0.013), and those having chronic diseases (unadjusted OR 1.66, 95% CI 1.05-2.62, P = 0.031) were more likely to be living in a home without an air conditioner (Table 3) . However, only education kept significant and stayed in the final model in the multivariate analysis. No independent variable was significantly associated with ownership of electric fans (Table 3) .
Participants having religion (unadjusted OR 1.36, 95% CI 1.03-1.80, P = 0.028) and those having chronic diseases (unadjusted OR 1.58, 95% CI 1.17-2.15, P = 0.003) were more likely to have no perceived specific temperature to turn on the cooling devices at home (Table 4 ). In the multivariate analysis, only the associations with religion (adjusted OR 1.32, 95% CI 1.01-1.75, P = 0.049) and chronic diseases (adjusted OR 1.51, 95% CI 1.11-2.06, P = 0.009) kept significant (Table 5 ). Among those who reported specific indoor temperature to turn on cooling devices, age (unadjusted OR of old adults 1.89, 95% CI 1.11-3.23, P = 0.020), education (unadjusted OR of primary or below 3.31, 95% CI 1.84-5.93, P \ 0.001), type of housing (unadjusted OR of subsidized housing 1.78, 95% CI 1.10-2.88, P = 0.020; unadjusted OR of public housing 2.16, 95% CI 1.44-3.23, P \ 0.001), and monthly (Table 4) . Old adults (unadjusted OR 7.00, 95% CI 3.66-13.4, P \ 0.001), those with the lowest education (unadjusted OR 3.97, 95% CI 2.05-7.67, P \ 0.001), those without a job (unemployed/retired/housewives, unadjusted OR 2.52, 95% CI 1.41-4.51, P = 0.002), those living in public houses (unadjusted OR 2.03, 95% CI 1.21-3.39, P = 0.007), those having the lowest household income (unadjusted OR 7.71, 95% CI 2.99-19.9, P \ 0.001), and those having chronic diseases (unadjusted OR 2.32, 95% CI 1.40-3.86, P = 0.003) were more likely not to use air conditioners before adjustment for other factors (Table 6) , whilst only monthly household income was kept in the final multivariate model. No factor studied was significantly related to use of fans in both univariate and multivariate analyses. Neither risk perception of climate change health risk nor perceived temperature to turn on cooling devices was associated with any behavior of cooling device use (Table 6 ).
Discussion
This telephone survey found high ownership and utilization rates of domestic cooling devices (both electric fans and air conditioners) among a representative population sample in Hong Kong. Around half of the participants reported a This type was combined with public housing in the later analyses to estimate the risk due to the small number of cases f Low risk perception of climate change health impact were those who rated the perceived health risk of climate change as 0-5, while high risk perception were with a score of 6-10 specific indoor temperature that they perceived necessary in order to turn on their cooling devices; of these participants, 58.1% and 95.4% usually turned their devices on at or below 28°C and 31°C respectively. Old people, those with lower education, those having lower household income, those living in public housing, and those with chronic diseases were more likely to live in a house without air conditioners. Even when owning an air conditioner, they were more likely not to turn on their home air conditioners when feeling hot. There was no significant relationship between ownership and utilization of fans and the sociodemographic factors studied. In addition, approximately three out of five participants perceived climate change as a high risk to health. Contrary to our hypothesis, the level of risk perception had no significant relationship with ownership and utilization of cooling devices. In this study, we found that around nine out of 10 respondents had air conditioners at home and more than 90% of the owners used them in hot weather. Previous studies have suggested that utilization of air conditioners, as a cooling measure, has a strong protective effect and may be the leading protective factor against heat-related illness and death (Bouchama et al. 2007; Kenny et al. 2010) . A meta-analysis on six studies published before 2007 (Bouchama et al. 2007 ) revealed that having air conditioners at home was associated with a relative risk reduction for heat-related death of 77% (OR = 0.23, 95% CI = 0.1-0.6). This result was further confirmed by a later review on another two studies, with both ORs being 0.2 (Kenny et al. 2010 ). The very high ownership and utilization rates found in the study sample suggest that overall the majority of Hong Kong population may have adopted the most effective means to reduce the health impact of heat. Nevertheless, we found that the respondents with the lowest education level, those with unemployed status, those living in public housing, and those with the lowest monthly household income were more likely not to use air conditioners, with the lowest household income having the strongest association (Table 6 ). Each of these characteristics at least partly reflects the poor socioeconomic status of a person, which is in line with previous studies that suggest financial conditions or financial considerations may be a major determinant of air conditioner use (Hansen et al. 2011 ). This fact may explain why the poor are at high risk for the health impact of heat waves, an observation noted also in other studies (Hajat et al. 2010; Kenny et al. 2010 ).
In addition, old people (C 65 years) and those with chronic diseases were found more likely not to use air conditioners, which is consistent with most previous studies (Sheridan 2007; Abrahamson et al. 2009 ; Hansen et al. 2011) . The diminished perception of heat among the elderly is a major barrier to their ability to take heat-related, risk-reduction actions (Hansen et al. 2011 ). Thermoregulatory impairment, chronic diseases, and dehydration and drug effects among the elderly further enhance their risk of heat exposure (Koppe 2004 ). In addition, chronic medical conditions significantly alter the body's physiologic response to heat load or the ability to tolerate changes in core body temperature (Allen and Segal-Gidan 2007) . Cardiovascular diseases, for example, are the most significant condition that predisposes sufferers to heat illness. Other chronic conditions include obesity, hyperthyroidism, psychiatric disorders, and extensive skin diseases or damages (Allen and Segal-Gidan 2007) . Thus, it is of utmost importance to empower the elderly and those having chronic diseases by effective interventions to undertake adaptive behaviors during extreme heat to maintain thermal comfort and avoid heat stress. We did not find any factor studied in this research that was significantly associated with the ownership and utilization of electric fans, though these two rates were similarly as high as those experienced by owners and users of air conditioners. Prices of electric fans, as low as HKD 50 (USD 6.44) for a secondhand working fan and HKD 200 (USD 25.8) for a new one, may be affordable even for the disadvantaged in Hong Kong for whom the median monthly household income in 2011 was HKD 20,500 (that is, USD 2640). In addition, previous studies indicated that the elderly and those with chronic diseases were more likely to use fans than air conditioners as ways for adapting to heat (Sheridan 2007; Abrahamson et al. 2009; White-Newsome et al. 2011) . In our study, near one quarter of the 123 elderly who responded to the question (24.4%, n = 30) did not turn air conditioners on when feeling hot, quintuple of the proportion of not using fans (5.4%, that is, 7 out of the 129 elderly respondents, Table 6 ), which agrees with the previous studies (Sheridan 2007; Abrahamson et al. 2009; Hansen et al. 2011; White-Newsome et al. 2011) . A similar pattern was also found among those participants with chronic diseases of whom 14.7%; (26 out of 177) did not use air conditioners versus 3.3% (6 of 181) who did not use fans (Table 6 ). It has been suggested that the use of air conditioners may be unsustainable in a warming climate because of the positive feedback loop they create through their high energy consumption, which will further add to climate change by increasing emissions, the increased risk of blackouts due to pressures on the energy grid, and their high operational cost (Gupta et al. 2012) . Proper use of electric fans might be a promising and sustainable alternative that might help to reduce the health impact of heat. But further studies should be focused on electric fan use during heat waves to explore this possibility. In this study, all elderly and those individuals with chronic diseases who did not use fans also did not use air conditioners. Those people may be extremely vulnerable to climate changes and more attention should be paid to this population subset in future research. Contrary to our hypothesis, we did not find positive relationship between risk perception level of climate change health impact and cooling device ownership and use. It is possible that we may have missed other protective ways against heat undertaken by the participants (for example, visits to other air conditioned places), which may result in the insignificant relationship. It is also likely that although some people have realized that heat waves are a health threat, they may have not moved from the ''awareness'' stage into the ''practice'' stage due to a variety of reasons (for example, insufficient knowledge about adaptive ways to counter heat; lack of intention to undertake potential actions). Nevertheless, comprehensive surveys that focus on both physiological and environmental factors during a heat wave would be helpful in revealing the relationship between risk perception and mitigation behaviors against heat.
The results of this study should be considered within its limitations. First and foremost, the study encounters the potential limitations of similar cross-sectional studies. For example, we cannot draw a conclusion on the cause-effect relationship and reported information may suffer from recall bias. The results are subjected to the respondents' own perception of the risk and their subjective assessment of the degree of that risk, and therefore it is likely that the same score across different participants may have different meanings. Second, as a telephone survey, we have missed people who have no land-based telephone at home (about 5% of households). Those people may be quite different from our sample from the standpoint of sociodemographic characteristics as well as in terms of the ownership and utilization of home cooling devices. Given that most people without land-line phones are poor or disadvantaged (Hong Kong Census and Statistics Department 2012), and the poor are the most vulnerable population to heat wave impacts, further studies should address them using appropriate recruitment methods (for example, home visits to those living in subdivided flats). Moreover, we conducted this study in May and June, when Hong Kong summer had just begun (summer time in Hong Kong is from May to September, with June to August being the hottest months). According to the Hong Kong Observatory, there was no extreme hot event or heat wave in the months before and during the study period. Thus, it is likely to result in bias if our results are applied to the results to other periods with hot summers or heat waves. Further studies during or right after heat waves are therefore needed to confirm our findings. Last but not the least, we focused on utilization of cooling devices at home only and did not examine other protective behaviors such as visiting public air-conditioned places. We therefore cannot exclude the possibility that participants with high risk perception might reduce the health impact of heat waves through other means than using cooling devices at home (for example, staying in communal or extended family air-conditioned environments). It would be essential to clarify alternative access relationships by conducting studies in the future to comprehensively investigate personal heat protection behaviors. Our findings suggest that the majority of Hong Kong residents have air conditioners or electric fans at home. Yet familial economic condition is a major determinant of ownership and use of home air conditioners. Old people and those with chronic diseases are at high risk of climate change health impact and therefore should be equipped with appropriate measures to access cooling devices. Although more than half of the general population in Hong Kong recognized climate change as a threat to health, there are no signs in this study that show they have taken more protective actions. Further studies should be conducted to address electric fan use with a focus on people in poor. Our findings have important implications for the development of evidence-based policy initiatives and effective action plans to mitigate the health impact of heat waves. The identified vulnerable populations should become the focus of reorganization and implementation of relevant public heath, medical, and social services. For example, outreach services and home visits for the poor, the elderly, and those living with chronic diseases may help to protect them from the health impacts of heat waves. Health care workers and social workers should also be empowered with appropriate knowledge and skills related to heat waves and appropriate protective health measures. It takes multidisciplinary collaboration and action to reduce heat-related health impacts. Improvement of risk perception alone may not be able to increase personal behavioral measures. Thus, other effective strategies should be considered (such as outreach services). Given that there is a gap in the evidence of effectiveness of existing heat wave plans, well-designed evaluation studies are warranted in the future (Arbuthnott and Hajat 2017) .
